n March 11, 2011, we experienced the Great East Japan Earthquake in our Tohoku area. The Earthquake-related physical and psychological stress persisted for several months. Coronary vasomotor reactivity is known to be enhanced by stress 1 and we have previously demonstrated that Rho-kinase plays a key role in the molecular mechanisms of vasospastic angina (VSA). 2 We have also recently demonstrated that Rho-kinase activity in circulating neutrophils is a useful biomarker for the diagnosis and disease activity assessment of VSA. 3 We thus examined whether Rho-kinase activity was increased in VSA patients after the Earthquake.
Methods
The protocol of the present study was approved by the Ethical Committees of Tohoku University and all patients provided written informed consent. In 11 patients with VSA, all of whom had been previously diagnosed based on spasm provocation test with acetylcholine in accordance with the Guidelines for Diagnosis and Treatment of Patients with Vasospastic Angina of the Japanese Circulation Society, 4 we were able to measure Rho-kinase activity in circulating neutrophils at 3 time points: before and 6 and 12 months after the Earthquake. Rho-kinase activity was defined by the ratio of the phosphorylated form/ total form of myosin-binding subunit, a substrate of Rho-kinase. 3 We also quantified the extent of mental stress at 6 and 12 months after the Earthquake with the post-traumatic stress disorder (PTSD) questionnaire that is widely used for screening of PTSD. 5 The PTSD questionnaire consists of 22 questions for major PTSD symptoms in order to categorize symptom severity into 5 different levels (0-4), where the cut-off value for PTSD is 25 points. 5 All results are expressed as mean ± standard deviation (SD) and P values <0.05 were considered to be statistically significant.
Results
The mean age of the 11 patients (8 males, 3 females) was 62±11 years. The prevalence of hypertension, diabetes mellitus and dyslipidemia was 55%, 27% and 91%, respectively. Their left ventricular ejection fraction was well-preserved (71±9%) and 2 of them continued to smoke after the Earthquake. All patients continued their medical treatment with calcium-channel blockers (CCBs) and although there was no change in the levels of serological markers after the Earthquake, including high-sensitivity C reactive protein and lipid profiles (Table) , Rho-kinase activity in circulating neutrophils was significantly increased at 6 months after the Earthquake and was returned Enhanced Rho-Kinase Activity in VSA After the Earthquake to the baseline level at 12 months (0.99±0.34 at baseline, 1.71±0.23 at 6 months, 0.90±0.34 at 12 months) ( Figure A) . Among the 11 patients, 3 were directly hit by the tsunami and complained of increased frequency of angina attacks after the Earthquake. In these 3 patients, as compared with the remaining 8 patients without direct tsunami-hit or worsening symptoms, both PTSD score (32±7 vs. 5±8, P=0.01) and the percent change in Rho-kinase activity from the baseline (268±232% vs. 55±40%, P<0.05) were significantly higher at 6 months after the Earthquake. Importantly, there was a significant positive correlation between the PTSD score and the percent change in Rho-kinase activity from the baseline at 6 months after the Earthquake (r=0.67, P<0.05) (Figure B) . We also confirmed that elevated levels of PTSD score at 6 months after the Earthquake declined at 12 months, as in the case of Rho-kinase, although there was no significant correlation between the changes in the PTSD score and those in Rho-kinase activity from 6 to 12 months after the Earthquake (Table S1 ).
Discussion
The novel findings of the present study were that Rho-kinase activity in circulating neutrophils of VSA patients was changed dynamically in one year after the Earthquake and that the percent change in Rho-kinase activity from the baseline was positively correlated with the PTSD score in those patients. We have recently demonstrated that a ratio of 1.18 is the best cut-off level of Rho-kinase activity for the diagnosis of VSA and that medical treatment with CCBs ameliorated the level to below the cut-off value in VSA patients. 3 In the present study, although all the patients continued to take CCBs and no significant changes were noted for coronary risk factors or sys- Comparisons of Rhokinase activity at 3 time points were performed with one-way ANOVA followed by Tukey's test. (B) Positive correlation between the PTSD score and the percent change in Rho-kinase activity from the baseline at 6 months after the Great East Japan Earthquake. Red circles represent VSA patients with increased symptoms after the Earthquake, and blue circles those with unchanged symptoms after the Earthquake, respectively. The relationship between the 2 values was examined with linear regression analysis. PTSD, post-traumatic stress disorder. NIHEI T et al.
temic inflammation, Rho-kinase activity was significantly increased to 1.71 at 6 months after the Earthquake, a much higher level than the cut-off level of 1.18 for the diagnosis of VSA, and was returned to the baseline level at 12 months. Indeed, only 3 patients hit by the tsunami had exacerbated symptoms of VSA. However, since approximately two-thirds of the attacks of VSA patients were free of symptoms, 6 it is highly possible that the remaining 8 patients without worsening angina also had asymptomatic ischemic attacks when their Rho-kinase activity was increased after the Earthquake. VSA is known to be worsened by mental stress. 1 In the present disaster with a series of earthquakes and tsunami, mental stress was enhanced in many people in the Tohoku area. Thus, we quantified mental stress with the PTSD score that were established in the Hanshin-Awaji Earthquake in 1995 in Japan 5 and examined the relationship between the severity of PTSD and VSA disease activity. Importantly, we found a positive correlation between these 2 values at 6 months after the Earthquake. Particularly, the VSA patients who were directly hit by the tsunami and complained of increased angina attacks showed higher PTSD score and increased Rho-kinase activity. These findings indicate that coronary vasospastic activity, as reflected by the Rho-kinase activity, was significantly enhanced by the disaster-related mental stress. Coronary spasm plays an important role in the pathogenesis of ischemic heart disease and other systemic disorders. 7, 8 Furthermore, it is conceivable that the transient enhanced coronary vasospastic activity may have increased cardiovascular events, such as sudden cardiac death, fatal arrhythmia and heart failure hospitalization, after the Earthquake, as we have recently reported. 9,10 Disaster stress could cause activation of the sympathetic nervous system and exacerbation of risk factors including hypertension, blood viscosity and platelet aggregating activity. 11 These disasterrelated risk factors could also exacerbate VSA through Rhokinase activation, although detailed mechanisms remain to be clarified in future studies. The limitations of this study include the relatively small number of subjects and the lack of information on Rho-kinase activity in non-VSA subjects.
In conclusions, we were able to demonstrate the transient but significant increase in Rho-kinase activity in VSA patients after the Great East Japan Earthquake Disaster, in proportion to the extent of PTSD score, suggesting the importance of careful management of VSA patients after a disaster.
